A clinical isolate ofHaemophilus influenzae HC234 was found to be resistant to chloramphenicol and tetracycline. It was shown that both resistance markers are tranferable as one unit to other Haemophilus influenzae strains and also to Escherichia coli. Data are presented which indicate that conjugation is the most likely mechanism of resistance transfer. HC234 was shown to carry a single plasmid species with a molecular weight of 38 x 106.
Recent investigations have shown the existence of plasmid-mediated drug resistance in Haemophilus influenzae (2, 3, 5, 17) . Transfer of resistance, probably by conjugation, was demonstrated for resistance to ampicillin (13, 15) and for resistance to kanamycin (3) . Recently, we reported on a chloramphenicol (Cm)-resistant strain of H. influenzae isolated from the pharynx of a patient with lymphatic leukemia (10) . The resistance to Cm appeared to be due to the production of an enzyme, presumably an acetyltransferase, inactivating this antibiotic. The strain was also resistant to tetracycline (Tc).
This report describes experiments on the transfer of the resistance determinants to susceptible strains ofH. influenzae and to a strain of Escherichia coli. Also, the isolation and characterization of plasmid deoxyribonucleic acid (DNA) from the resistant strain are reported.
MATERIALS AND METHODS
Bacterial strains. The strains used in this study are listed in Table 1 . The rifampin-and streptomycin-resistant mutant strains HC215-1, HC217-1, and HC218-1 were obtained by selection on plates containing these antibiotics. All strains of H. influenzae investigated in this study were untypable according to Pittman's agglutination method (12) . The strain ofE. coli K-12 (SC181) was kindly provided by E. Lederberg (Stanford University).
Media. Nutrient broth was prepared in this institute from fresh meat and contained in addition 0.5% NaCl, 1% peptone (Difco) and 0.069% Na2CO3; the pH was 7.5. Nutrient agar contained, in addition, 2% agar (BBL).
NXV broth was nutrient broth, supplemented with 4% X factor and 4% V factor. X and V factors were freshly prepared from lysed horse blood and lysed yeast cells, respectively. NXV agar was prepared by adding 2% agar to NSV broth.
Stock cultures of H. influenzae were maintained and transferred every 2 weeks in semisolid NXV medium containing 1% agar (BBL).
Susceptibility tests were usually carried out on NXV agar. Wellcotest agar, supplemented with X and V factors was used for establishing the susceptibility to cotrimoxazole.
Determination of MICs. The minimum inhibitory concentrations (MICs) were determined by agar dilution, using a Steers replicator. As inocula, undiluted overnight cultures (10k to 109 colony-forming units/ml) and also the dilutions 10-', 10-2, and [1] [2] [3] were used. The antibiotics used were: Cm (Globenicol, Mycofarm), Tc (Tifaco), ampicillin sodium (Amfipen, Mycofarm), erythromycin (Erythrocin, Ab- 4 ,ug/ml; and rifampin, 10 ,ug/ml). To confirm that suspected transcipient colonies were derivatives of the recipient, and not rifampicin-resistant mutants of the donor, replica plating was carried out on plates supplemented with streptomycin (100 ,ug/ml).
In transfer experiments using E. coli as the recipient, dilutions of the mixture of donor and recipient cells were plated on nutrient agar supplemented with Cm (32 ,ug/ml) or Tc (32 ,ug/ml).
Isolation and characterization of plasmid DNA. Plasmid DNA was isolated from H. influenzae as covalently closed circular DNA (ccc DNA). Cells were lysed by Triton X-100 and, after sedimenting the bulk chromosomal DNA, ccc DNA was separated and purified by equilibrium centrifugation in cesium chloride in the presence of ethidium bromide, as described by Elwell et al. (5) . To convert ccc DNA to the open circular form, preparations of ccc DNA were irradiated with fCo gamma rays for a dose of 2,000 rads (dose rate, 20,000 rads/h).
Electron microscopy of irradiated plasmid DNA preparations and contour length measurements of the molecules have been described previously (16) .
RESULTS
MICs. The results ofthe MIC determinations against the H. influenzae strains are listed in Table 3 .
No transfer to HC215-1 was detectable, either in liquid medium or on filters. The frequency of transfer of resistance markers to HC217-1 and HC218-1 in liquid medium was low. However, incubation on filters resulted in higher transfer rates of both Cm and Tc resistance determinants. As strain HC217-1 proved to be the best recipient, it was used in further experiments.
The kinetics of the transfer of both the drug resistance markers from HC234 to HC217-1 was studied by incubation of mixed cultures on filters for different periods of time. The results are shown graphically in Fig. 1 . As shown in this figure, it takes about 3 h of mixed culturing to reach the maximum frequency of transfer, Mechanism of resistance transfer. To find out whether or not transformation was the mechanism of drug resistance transfer, filter matings of HC234 x HC217-1 were performed in the presence of 100 ug of deoxyribonuclease I per ml and 0.01 M MgCl2. These substances were added to the donor and recipient cultures 5 min before mixing and also to the agar plates, which were used for incubation of the filters.
The frequency of transfer of Cm and Tc resistance markers in this mating was not influenced by the presence of deoxyribonuclease I. Consequently, transformation seems not to be the mechanism of transfer.
Also, transduction does not seem to be a mechanism of transfer, as was demonstrated as follows. Transfer experiments were carried out under the conditions of the filter matings, except that cell-free filtrates of the donor were used instead of cultures of the donor. No Tc-or Cm-resistant recipient colonies could be found. Also, dilutions of cell-free filtrates of the donor strain, spotted on NXV agar plates 20 min after these plates had been inoculated with a confluent layer of a logarithmically growing culture of the recipient strain HC217-1, did not reveal any plaques.
Since these experiments suggest that neither transformation nor transduction is a mechanism of resistance transfer in strain HC234, it follows that resistance to Cm and Tc is probably transferred by conjugation.
Transfer to E. coli. After unsuccessful trials to transfer Cm anid Tc resistance from HC234 to E. coli SC181 in liquid medium, positive results were obtained with overnight matings on filters. In these experiments, a transfer frequency was observed that ranged from 10-6 to 107 per donor cell. Twenty-nine transcipient colonies selected on Tc-containing medium were found to be also resistant to Cm. However, 25 of 44 transcipient colonies selected for Cm resistance appeared to be susceptible to Tc (2 ,ug/ml). The MICs of both antibiotics toward resistant transcipients were .128 gg/ml, whereas the MICs of Cm and Tc towards the recipient strains SC181 were 8 and 2 gg/ml, respectively.
Presence and characterization of plasmid DNA in HC234. After equilibrium centrifugation (in cesium chloride plus ethidium bromide) of cleared lysates of strain HC234, two DNA bands were found, indicating the presence of ccc DNA. Electron photomicrographs of gammaray-irradiated preparations ofplasmid DNA revealed the presence of only one species of DNA molecules. Twenty molecules were measured, log viable cells/ml 9 The plasmid pRI234 does not seem to be maintained stably in E. coli as a plasmid. However, its transferability to an unrelated species like E. coli might point to a broad host range like that of the plasmids belonging to compatibility group P (N. Datta, In Microbiology-1974, p. 9-15, American Society for Microbology, Washington D.C., 1974). Therefore, one might speculate that pRI234 is derived from a P-like plasmid. If so, H. influenzae HC234 might have acquired its drug resistance by conjugal transfer of such a plasmid from an unrelated organism like Pseudomonas or E. coli, which are known to carry conjugative plasmids mediating resistance to Cm and Tc. Alternatively, the origin of the drug resistance in HC234 might be similar to that proposed by Falkow and co-workers (5, 8) for the recently observed ampicillin resistance in H. influenzae: a conjugative plasmid, indigenous to H. influenzae, might have been hooked up with the translocatable sequence TnA, which codes for the widespread TEM-like /8-lactamase (9) . In analogy, such a plasmid might have acquired a translocatable sequence coding for Cm and Tc resistance. The existance of such translocatable sequences has been demonstrated in some R factors from Enterobacteriaceae (1, 7) . Further investigations will be carried out to elucidate the origin of the R factor in HC234 and its relatedness to other Haemophilus plasmids.
